The aim of this study was to assess the influence of the severity of coronary artery stenosis and the grade of collateral circulation on myocardial viability in patients with chronic left ventricular (LV) dysfunction undergoing coronary artery bypass grafting. Forty patients (age 59 { 8 years) with old myocardial infarction were studied by dobutamine stress echocardiography (DSE) before coronary artery bypass grafting. LV function was assessed using a 16-segment, 5-grade score model. Viability and functional recovery were respectively defined as a reduction in wall motion score ¢1 at low-dose DSE and at follow-up echocardiograms obtained 3 months after surgery. There were 56 stenotic coronary arteries subtending severely dyssynergic myocardial segments, of which 38 were occluded. Among 186 severely dyssynergic segments, functional recovery occurred in 42 (23%). There was no significant difference between myocardial regions with patent or occluded coronary arteries with respect to prevalence of viability or functional recovery and percentage of viable or recovered segments relative to the total number of dyssynergic segments. In patients with total occlusion, these parameters were not different between regions with different collateral grades. Sensitivity, specificity, and accuracy of low-dose DSE for prediction of regional functional recovery were 71%, 90%, and 86%, respectively. It is concluded that in patients with chronic LV dysfunction, the presence of total occlusion of coronary arteries supplying severely dyssynergic regions does not imply a lower prevalence or extent of functional recovery after revascularization, regardless of the grade of angiographically visualized collaterals. Low-dose DSE can identify myocardial regions with a high probability of functional improvement after revascularization regardless of the severity of underlying coronary stenosis or collateralization of the involved coronary vessel. ᮊ1997 by Excerpta Medica, Inc. 1,2 The assessment of myocardial viability is important to predict the occurrence of functional improvement of dyssynergic myocardium after revascularization.
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(Am J Cardiol 1997;79:883-888) P revious studies have demonstrated the value of coronary artery bypass grafting in amelioration of symptoms, improvement of left ventricular (LV) function and prolongation of survival in patients with chronic ischemic LV dysfunction. 1, 2 The assessment of myocardial viability is important to predict the occurrence of functional improvement of dyssynergic myocardium after revascularization. 3, 4 The utility of various techniques in this setting has been established. These include positron emission tomography, thallium-201 scintigraphy, and low-dose dobutamine echocardiography. [2] [3] [4] Few studies have as-sessed the relation between coronary angiographic findings and metabolic markers of myocardial viability in patients with chronic LV dysfunction. 5, 6 However, angiographic findings in these studies were not correlated with the functional outcome after revascularization. Therefore, the aim of this study was to assess the relation between the severity of coronary artery stenosis in patients with chronic LV dysfunction and myocardial viability at low-dose dobutamine echocardiography and to determine the impact of the severity of coronary stenosis and collateral circulation to occluded coronary arteries on the prevalence and magnitude of functional improvement of dyssynergic segments after revascularization.
METHODS
Study patients: The study population was derived from a consecutive series of patients with LV dysfunction who underwent dobutamine stress echocardiography (DSE) for the diagnosis of myocardial ischemia and viability before coronary artery bypass grafting. Patients were included if they fulfilled the following criteria: (1) the presence of proximal or mid-coronary artery stenosis (¢50% luminal diameter stenosis) of ¢1 major coronary artery subtending a severely dyssynergic myocardial region (akinesia or severe hypokinesia); (2) coronary artery bypass grafting of arteries supplying the dyssynergic regions performed within 1 month after DSE without concomitant myocardial resection; and (3) absence of perioperative infarction. Forty patients fulfilled these criteria (30 men and 10 women, age 59 { 8 years) and gave an informed consent to undergo DSE before and after surgery. Symptoms before surgery included angina in 37 patients and dyspnea in 8 patients. Beta-blocking agents were stopped 2 days before DSE. Medications on the day of the test included calcium channel blockers in 20 patients, nitrates in 29 patients, and angiotensin-converting enzyme inhibitors in 24 patients. All patients had a previous myocardial infarction by the standard criteria of chest pain, diagnostic increase in cardiac enzymes, and serial electrocardiographic changes. The mean time from infarction was 4 { 5.3 years (range 6 months to 25 years). The infarction was anterior (or anterolateral) in 19 patients, inferior (or inferoposterolateral) in 12 patients, and in both locations in 9 patients. Dobutamine stress test: Dobutamine stress testing was performed as previously described. 4 Dobutamine was infused through an antecubital vein starting at a dose of 5 mg/kg/min followed by 10 mg/kg/ min (3-minute stages), increasing by 10 mg/kg/min every 3 minutes to a maximum of 40 mg/kg/min. Atropine (up to 1 mg) was given to patients not achieving 85% of their age-predicted maximal heart rate at the maximal dobutamine dose.
Stress echocardiography: Echocardiographic images were acquired in the standard views as previously described. 4 The echocardiograms were digitized on optical disk and displayed side by side in quad-screen format (Vingmed-CFM 800, Vingmed Sound A/S, Horten, Norway) to facilitate the comparison of rest, low-dose, and maximal stress images. The LV wall was divided into 16 segments and scored using a 5-point scale, where 1 Å normal, 2 Å mild hypokinesia, 3 Å severe hypokinesia, 4 Å akinesia, 5 Å dyskinesia. 4 Severe dyssynergy was defined as akinesia or severe hypokinesia. The interpretation of images was performed by 2 independent observers without the knowledge of the patients' angiographic data. In case of disagreement, a majority decision was achieved by a third reviewer. In our laboratory, inter-and intraobserver agreement for stress echocardiographic assessment are 92% and 94%, respectively. 7 Both wall motion and thickening were considered for analysis. The diagnosis of ischemia was based on the occurrence of new or worsening wall motion abnormalities. Ischemia was not considered when akinetic segments at rest became dyskinetic without improvement at low-dose dobutamine. 8, 9 Myocardial viability in severely dyssynergic segments was defined as ¢1 decrease in wall motion score during low-dose dobutamine (5 to 10 mg/kg/min).
Follow-up studies: A rest echocardiogram was performed in all patients 3 months after surgery. Functional recovery of severely dyssynergic segments was defined as a reduction in wall motion score ¢1. On the day of performing the follow-up echocardiograms, DSE was repeated in 28 patients. The remaining 12 patients did not wish to repeat the test.
Coronary angiography: Coronary angiography was performed using the Judkins technique within 1 month of DSE in all patients. Coronary stenosis was quantified using a previously described method from our center. 10 Significant coronary artery disease was defined as a diameter stenosis ¢50%. Collateral channels to completely occluded coronary arteries were assessed by observing the degree of opacification distal to the occlusion and was graded using the Thrombolysis in Myocardial Infarction (TIMI) trial classification 5, 11 : grade 1, absent filling to the distal vessel; grade 2, minimal, in case of faint opacification of the distal vessel or visualisation of a small vessel; and grade 3, well-developed collaterals with visualization and dense opacification of the entire distal vessel. Coronary arteries were assigned to particular echocardiographic myocardial segments as previously described. 12 Two experienced observers who were unaware of the results of the dobutamine stress test reviewed the angiograms. In case of disagreement, a consensus was reached by a third observer. For stenotic coronary arteries subtending severely dyssynergic regions, the following regional echocardiographic parameters were studied in the corresponding area: wall motion score index (derived by the summation of the score of individual segments in a vascular region divided by the total number of segments in that region), prevalence of ischemia, prevalence of viability in severely dyssynergic segments at low dose dobutamine, viability index (derived by dividing the number of severely dyssynergic segments that improved at low-dose DSE by the number of severely dyssynergic segments in the same region), and prevalence of functional recovery of severely dyssynergic segments after surgery and recovery index (derived by dividing the number of severely dyssynergic segments with functional recovery by the number of severely dyssynergic segments in the same region).
Statistical analysis: Unless specified, data are presented as mean { SD. The chi-square test was used to compare differences between proportions. Analysis of variance was used to determine the differences between groups. The Student's t test was used for analysis of continuous data. A p value õ0.05 was considered significant. Sensitivity, specificity, predictive value, and accuracy were derived according to standard definitions and presented with their corresponding 95% confidence intervals.
RESULTS
Coronary angiography: There were 56 arteries supplying severely dyssynergic myocardial regions. The ACC Å diagnostic accuracy; CI Å confidence intervals; NPV Å negative predictive value; PPV Å positive predictive value; SENS Å sensitivity; SPEC Å specificity.
involved arteries were: the left anterior descending (28 territories), left circumflex (11 territories), and the right coronary artery (17 territories). Of these arteries, 38 (68%) were occluded. Coronary collaterals observed were: grade 1 in 7 arteries (18%), grade 2 in 10 arteries (26%), and grade 3 in 21 arteries (55%). Eighteen arteries were patent with a diameter stenosis ¢50% (mean 65 { 8%). Of the 40 patients, 7 had 1-vessel disease (18%), 13 had 2-vessel disease (33%), and 20 (50%) had 3-vessel disease. The angiographic ejection fraction in the whole population was 41 { 13%.
Hemodynamics, clinical, and electrocardiographic data: The heart rate increased significantly from rest to peak stress (72 { 13 vs 141 { 15 beats/min, p õ0.0001), whereas systolic blood pressure did not change significantly (126 { 23 vs 122 { 25 mm Hg). Angina occurred in 28 patients (70%) and ST-segment depression in 15 (38%).
Dobutamine stress echocardiography: At baseline, a total of 186 severely dyssynergic segments were detected in the 56 coronary artery regions. The mean number of these segments per vascular region was 3.3 { 2.3 (range 2 to 9 segments). Viability at lowdose DSE was detected in 25 of the 134 akinetic segments (19%) and in 19 of the 52 severely hypokinetic segments (37%, p Å 0.01). This viability pattern was observed in 21 of the 56 vascular territories (38%) in 17 of 40 patients (43%). In the entire population, wall motion score index decreased significantly from rest to low-dose DSE (1.96 { 0.37 vs 1.7 { 0.35, p õ0.001), and increased significantly at high-dose DSE (2.24 { 0.37, p õ0.0001 vs resting value). Ischemia was detected in 27 of the 56 vascular territories (48%).
Follow-up data: Symptoms of angina improved in all patients after revascularization. Recovery of function occurred in 42 of the 186 severely dyssynergic segments (23%). This was more frequent in severely hypokinetic than akinetic segments: 18 of 52 (35%) versus 24 of 134 (18%), p Å 0.01. Among the 18 severely hypokinetic segments with functional recovery, 8 segments changed to normal and 10 segments changed to mild hypokinesia. Among the 24 akinetic segments with functional recovery, 6 segments changed to severe hypokinesia, 15 segments to mild hypokinesia, and 3 segments to normal. Functional recovery occurred in 25 vascular territories (45%) in 21 patients (53%). The distribution of findings at low-dose DSE and functional recovery of severely dyssynergic segments after revascularization is shown in Figure 1 . Sensitivity, specificity, predictive value, and accuracy of low-dose DSE in predicting postrevascularization improvement of severely dyssynergic segments are given in Table I . Functional recovery occurred in 27 of the 34 segments with a biphasic response to DSE (defined as improvement at low dose and worsening at high dose) and in 3 of the 10 segments that showed a sustained improvement at low-and high-dose dobutamine. Thus, the positive predictive value for functional recovery of a biphasic response was higher than sustained improvement (79% vs 30%, p õ0.005). In the 28 patients who underwent high-dose DSE after surgery, angina occurred only in 2 patients. Only 1 patient developed ischemia at high-dose DSE in the studied vascular territories. Among the 14 segments identified as false-positive for viability at low-dose DSE ( Figure  1 ), 9 segments were reevaluated by DSE after surgery. Four of these segments showed a biphasic pattern before surgery that persisted after surgery in 2 and was changed to persistent improvement in 2. The 5 other segments showed sustained improvement during DSE before and after surgery. Coronary angiography was performed in 13 patients (33%) after surgery and revealed no significant graft stenosis in the studied regions in all patients.
Effect of coronary artery patency on myocardial viability and functional outcome: There was no significant difference (Table II) between myocardial regions subtended by occluded arteries and those with stenotic but patent coronary arteries with regard to resting, low-dose, and peak wall motions score indexes, prevalence of ischemia, myocardial viability and functional recovery, number of viable and recovered segments, and indexes of viability and functional recovery ( Figure 2) . No significant correlation was found between percent diameter stenosis and via- bility index (r Å 00.12) or recovery index (r Å 00.18). In myocardial regions subtended by occluded coronary arteries, there was no significant difference in the previously mentioned parameters between regions with different grades of collaterals (Table III) .
DISCUSSION
This is the first study that evaluates the influence of patency of coronary arteries and the grade of collateral circulation on the functional outcome of dyssynergic myocardium after revascularization in patients with chronic LV dysfunction. Our results show that in these patients, the prevalence and extent of both myocardial viability assessed by low-dose DSE and functional recovery after surgical revascularization are not related to the severity of coronary stenosis or the grade of collateral circulation. These angiographic findings could not identify myocardial segments with a higher probability of functional recovery. In contrast, low-dose DSE could predict functional improvement with a moderate sensitivity and a high specificity. The biphasic response to dobutamine was more predictive of functional recovery than persistent improvement. This is consistent with our previous finding of a higher prevalence of reversible perfusion abnormalities on thallium scintigraphy in akinetic segments with a biphasic response than in akinetic segments with other patterns. 8 Comparison with previous studies:
Patency of the infarct-related artery and the presence of high-grade collateral circulation distal to an occluded coronary artery have been associated with more favorable changes in LV function and geometry after acute myocardial infarction. 11,13 -18 The lack of a favorable effect of these angiographic parameters on myocardial viability in our study can be explained by the fact that our patients were studied at a mean of 4 { 5.3 years after infarction as opposed to patients with a recent myocardial infarction. In the latter group of patients, acute coronary occlusion results in evolutional changes in LV function that are dependent on myocardial flow after recanalization by thrombolysis or through collaterals to occluded arteries. 11, 13, 15 However, in our study of patients with chronic LV dysfunction, the anatomic status of the infarct-related artery may not represent the status in the critical early phase of a myocardial infarction. Coronary artery occlusion may have developed gradually, allowing for the development of adequate collateral channels that may or may not be visualized with routine angiography. 19, 20 This gradual process of occlusion and collateralization may help to maintain adequate blood flow to the viable myocardium. On the other hand, the presence of a patent artery may represent late recanalization of an occluded artery after the occurrence of substantial myocardial necrosis. Marzullo et al 6 showed that in patients with regional LV dysfunction studied 19 { 34 months after a myocardial infarction, resting coronary flow was equally reduced in the viable versus nonviable segments identified at positron emission tomography. However, coronary flow reserve after dipyridamole administration was higher in the viable segments. These data show that in patients with chronic LV dysfunction, vasodilator reserve constitutes an important factor in maintaining myocardial viability rather than resting flow, which is already reduced in both viable and nonviable regions. Finally, the selection of patients with severe regional dyssynergy in our study would result in exclusion of patients whose less severe residual coronary artery stenosis resulted in considerable myocardial salvage, and who consequently had normal or mildly impaired LV function.
Influence of collateral circulation to occluded arteries:
We found that in patients with occluded coronary arteries, the grade of collaterals visualized by angiography was not related to the prevalence or extent of myocardial viability assessed by low-dose DSE. Di Carli et al 5 reported similar findings in 42 patients with chronic LV dysfunction undergoing positron emission tomographic imaging. Sambuceti et al 19 reported that in 19 patients with angina and isolated occlusion of the left anterior descending or left circumflex coronary artery who had not experienced a previous myocardial infarction, the angiographic score of collateral circulation was not associated with differences in myocardial function or perfusion at baseline or during pacing. This may be explained by the fact that angiography can detect epicardial collateral channels with a luminal diameter ú100 mm, whereas most of the subendocardial and intramural channels may be as small as 20 mm. 20 Sabia et al 21 reported that in 33 patients with recent myocardial infarctions and occluded infarct-related arteries, there was no significant correlation between the angiographic collateral grade and myocardial perfusion assessed by myocardial contrast echocardiography, inferring the importance of small collateral circuits in maintaining myocardial perfusion of viable myocardium. These nonvisualized channels may prevent permanent damage of the hibernating segments, which might improve after restoration of normal coronary flow with revascularization as demonstrated in our study. In contrast to our findings and those reported by Di Carli et al, 5 Marzullo et al 6 found that nonviable segments were more likely to be perfused by an occluded vessel and less collateralized than viable segments. However, the number of coronary arteries analyzed in that study was small, comprising 14 arteries of which 6 were patent.
Study limitations: Most of the analyzed myocardial regions were subtended by occluded coronary arteries (68%). This represents the severity of coronary artery disease in a population selected for coronary artery bypass grafting. Among occluded coronary segments, only a few segments showed absent collaterals. This may be explained by chronic ischemia allowing for the development of high-grade collaterals. In the study of Di Carli et al, 5 only 18% of occluded arteries subtending dyssynergic regions had absent collateral circulation. Follow-up coronary angiography was performed only in 33% of patients. However, adequacy of revascularization was demonstrated by the disappearance of ischemia and angina during DSE and symptomatic improvement after revascularization.
